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SPECIFICATION 

Electronic Version 1.2.8 
Stylesheet Version 1 .0 

FINFET CMOS WITH NVRAM 
CAPABILITY 

Background of the Invention 

[0001] TECHNICAL FIELD 

[0002] The present invention relates generally to the field of semiconductor manufacturing and, 
more specifically, to a FinFET CMOS device and method for fabricating a FinFET CMOS device 
with NVRAM capability. 

[0003] The need to remain cost and performance competitive in the production of 

semiconductor devices has caused continually increasing device density in integrated 
circuits. To facilitate the increase in device density, new technologies are constantly needed 
to allow the feature size of these semiconductor devices to be reduced. 

[0004] Data is stored in memory. In general, memory can be Read Only Memory (ROM) or RAM, 
Random Access Memory. Most RAMs, including DRAM and SRAM, are volatile. That is, when 
power is removed, the data contained in the DRAM or SRAM cells are lost. Non-Volatile 
Random Access Memory or NVRAM is memory which retains its data contents despite power 
failure. Examples of NVRAM include FLASH, electrically erasable reprogrammable read-only 
memory or EEPROM and electrically programmable read-only memory or EPROM. 

[0005] NVRAM has been accomplished by the incorporation of a floating gate structure into the 
transistors of memory devices. Floating gates are comprised of conductive material which is 
electrically insulated from surrounding structures. A floating gate may be placed between 
gate insulator material and a second gate where the second gate may be a control gate. 
Floating gates can be charged using tunneling techniques (sometimes referred to as Fowler- 
Nordheim tunneling) where a large voltage is applied between the control gate and the 
substrate resulting in a charge accumulating in the floating gate, or another technique well 
known in the art, hot-electron programming. Once the floating gate has been charged, 
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because the floating gate is electrically isolated in the circuit, that charge remains intact 
without the requirement of being refreshed. The level of charge accumulation in floating 
gate structures can be carefully controlled. Floating gate structures have been used to 
implement neural-network-type hardware. 

[0006] Previously, the incorporation of floating gate structures into the transistors of memory 
devices has been accomplished using traditional semiconductor fabrication techniques to 
build traditional FET structures. However, the need to remain cost and performance 
competitive requires that these floating gate structures be incorporated into semiconductor 
devices in higher densities to allow for the reduction in size of semiconductor devices. Thus, 
there is a need for improved device structures and methods of fabrications of floating gates 
that provide NVRAM capability in smaller devices. 

Brief Summary of the Invention 

[0007] It is thus an object of the present invention to provide NVRAM capability for high density 
semiconductor devices. 

[0008] In one aspect, the present invention an NVRAM comprises the steps of providing an SOI 
wafer and defining a Fin on the SOI wafer; providing gate insulator on at least one vertical 
surface of the Fin; depositing floating gate material over the gate insulator; depositing 
insulator material on the floating gate material to form the floating gate isolation; 
depositing control gate material over the isolated floating gate material; removing a portion 
of the control gate material to expose source and drain regions of the Fin, and implanting to 
form source/drain regions in the exposed regions of the Fin. 

[0009] In another aspect, the invention is an NVRAM device comprising a transistor body having 
two sides; a gate insulator on both of the sides of the transitor body; and first and second 
floating gates on "said gate insulator and disposed on respective sides of said transistor 
body. 

[001 0] The foregoing and other advantages and features of the invention will be apparent from 
the following more particular description of an embodiment of the invention, as illustrated 
in the accompanying drawings. 

Brief Description of the Several Views of the Drawings 
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[001 1 ] Embodiments of the present invention will hereinafter be described in conjunction with 
the appended drawings, where like designations denote like elements, and: 

[001 2] FIG. 1 is a flow diagram illustrating a fabrication method of an embodiment of the 
invention; 

[001 31 FIGS. 2-8 are schematic views of an embodiment of the invention during the fabrication 
method of FIG. 1 ; 

[001 4] FIG. 9 is a cross-sectional view taken at line 9-9 of FIG. 8; 

[001 5] FIGS. 1 0 and 1 1 are perspective views of an embodiment of the invention during the 

fabrication method of FIG. 1 ; 
[001 6] FIG. 1 2 is a cross-sectional view taken at line 1 2-1 2 of FIG. 1 1 ; and, 
[001 7] FIG. 1 3 is a schematic representation of a double gated FinFET with a double floating 

gate. 

Detailed Description of the Invention 

[001 8] The present invention provides a device and method for combining NVRAM capability 
with a FinFET CMOS device. One method for increasing the density of CMOS devices is to 
build structures vertically, upward from the surface of the semiconductor wafer. For 
example, a fin, a silicon shape built on a silicon or Silicon On Insulator (SOI) substrate, 
extending vertically out of the plane of the substrate can be used to build FET structures. 
For example, the vertical sides of a fin can be utilized to form FETs. These FETs incorporated 
into fin structures are called FinFETs. 
[001 9] The present invention provides a device and method for providing NVRAM capability to a 
FinFET. Providing NVRAM floating gate structure to the vertical structure of FinFETs allows 
for the manufacture of semiconductor devices which are more compact and also provide 
NVRAM capability. Providing NVRAM capability reduces the energy requirements of the 
device. The FinFET as provided may be thin, to allow the FinFET to be fully depleted which 
reduces current leakage and reduces the energy requirements for the device. In addition, the 
present invention provides a device which allows for horizontal current flow, or current flow 
parallel to the surface of the semiconductor device. The embodiments of the present 
invention are applicable to any device in which high density NVRAM or FinFET NVRAM is 
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desirable. 

[00201 The present invention provides a FinFET structure covered by a layer of conductive 

floating gate material, which is in turn covered by a layer of insulator material, covered by 
conductive control gate material. The floating gate material is electrically insulated from the 
surrounding circuits and is therefore electrically insulated. Once charged, the floating gate ,s 
capable of maintaining its charge for extremely long periods of time, eliminating the need to 
continually refresh and recharge the device. This structure provides single or double FinFETs 
covered by single or double spacer-like floating gates, covered by a single or multiple 
control gates. The FinFET may be very thin to allow the FinFET to fully deplete during the 
operation of the semiconductor device. Multiple NVRAM FinFET structures can be 
incorporated into a larger semiconductor device. 
[002,1 Turning now ,0 the Figures, FIG. 1 is a flow char, illustrating a method for fabricating an 
embodiment of the present invention. Generally, the fabrication of the present device may 
be accomplished by: providing an SOI wafer and defining a fin on the SO, wafer, the fin may 
be capped with an insulator layer; providing gate insulator on a, leas, one vertical surface of 
the fin- depositing floating ga,e material over the gate insulator; depositing insula.or 
material on the floating gate material to form ,he floating gate isolation; depositing control 
gate material over the isolated floating gate material; removing a portion of the control gate 
material, removing the exposed portion of insulator above the floating ga.e material, and 
removing a portion of ,he floating gate materia,, to expose source and drain regions of the 
fin, and implanting to form source/drain regions in ,he exposed regions of the An. 

[00221 . Those of ordinary skill in the art will recognize tha, the steps outlined in FIG. , are 
illustrative of one fabrication method which can be used to make an embodimen, of the 
presen, Invention. The steps in the flowchart are no, exhaustive of the steps and the order 
of the steps which can be employed to make an embodimen. of the presen. invention. „ will 
also be understood that the invention is not limited ,o use of any specific dopant types 
provided that the dopan, types selected for the various components are consistent with the 
intended electrical operation of the device. 
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[0023] Fabrication of an embodiment of the present device may begin with Step 1 of FIG. 1 , 

providing a silicon-on-insulator (SOI) wafer. Buried insulator 99 may be formed on wafer 90 
using thermal oxidation, such as rapid-thermal processing (RTF) or furnace processing for 
example, or other techniques known in the art. Buried insulator 99 may comprise any 
insulative material, such as buried oxide (BOX). However, any type and/or combination of 
buried insulators may be used for buried insulator 99. A layer of insulator or Box 99, with a 
patterned layer of silicon 1 00a on top are together the Silicon on Insulator (SOI) layer 1 04, 
as illustrated in FIG. 2. 

[0024] Referring to the substrate embodiment depicted in FIGS. 2 and 3, substrate or SOI layer 
104 may comprise wafer 90 that underlies Box or buried insulator 99 that underlies 
semiconductor layer or silicon layer 1 00a. Therefore, for example, substrate or SO. layer 1 04 
may comprise a single crystal si.icon-on-insu.ator (SO.) wafer. However, other substrate 104 
embodiments may be used, such as a non-SO. wafer comprising on.y wafer 90 for example. 
When a non-SOl wafer embodiment is used, the processing remains otherwise identical to 
that of a SOI wafer embodiment, except as noted. 

[0025] Still referring to FIGS. 2 and 3, while wafer 90 is depicted as having a minimum of 

complexity, other wafers of varying complexity may be advantageously employed. Wafer 90 
may be composed of any appropriate semiconducting material, including, but not limited to: 
Si, Ge, GaP, InAs. InP. SiGe, GaAs, or other .../V compounds. For the exemplary purposes of 
this disclosure, wafer 90 may comprise single crystal silicon. 
[0026] In step 2 of FIG. 1 . a Fin stack 1 05 is defined from the SO. layer 1 04. F.GS. 2, 3, and 4 
illustrate the device as Fin stack 1 05 is defined as in Step 2 of FIG. 1 . In FIG. 2, an oxide 
shape 1 02 is formed on SO. layer 1 04. Oxide shape 1 02 may be formed lithographically or 
otherwise. For the exemplary purposes of this disclosure, a mask may be used to apply a 
layer of photoresist on silicon layer 1 00a. Photoresist can define the region where oxide 
shape 102 is desired. Oxide shape 102 may be composed of silicon dioxide (S.O 2 ). a 
nitrided oxide material, hard mask material, a combination thereof, or any other insulating, 
non-conductive, dielectric material. For the exemplary purposes of this disclosure, ox.de 
shape 102 will be defined as hard mask material or silicon dioxide. Silicon dioxide can be 
provided in the desired region by thermal oxidation, typically at 750-800 X, or alternatively, 
may be formed by depositing a dielectric film. This film may be applied by any means well 
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known to those of ordinary skill in the art. As illustrated in FIG. 2, oxide shape 1 02 may have 
a Cap 1 01 . Cap 1 01 may be an insulator such as silicon dioxide (SiO 2 ) or silicon nitride (Si 
3 N 4 ). For the exemplary purposes of this disclosure, Cap 1 01 is hard mask material. Hard 
mask material may be applied to form Cap 1 01 by any means well known to those of 
ordinary skill in the art. As a next step, the photoresist layer can be removed, leaving Cap 
101 on oxide shape 102 on SOI layer 104. 

[0027] Oxide shape 1 02 may be selectively trimmed under Cap 1 01 by directional etching or by 
other means. FIG. 3 illustrates the device after this trimming step. In FIG. 3, oxide shape 102 
under Cap 101 has been trimmed compared to oxide shape 102 of FIG. 2. 

[0028] Fin stack 1 05 may be further defined to narrow the layer of silicon 1 00a which becomes 
the fin body 100. An etch step may be employed to remove cap 101 and to selectively 
remove silicon layer 100a to form fin body 100 under oxide shape 102. The device after 
such an etch step is illustrated in FIG. 4. FIG. 4 illustrates Fin stack 105 composed of fin 
body 100 on insulator 99 topped with trimmed oxide shape 102. A more narrow fin body 
100 may be desirable because a more narrow fin body 100 may allow the FET channel which 
is formed in the fin body 100 to be fully depleted of majority carriers during the operation of 
the device. This full depletion avoids the so-called "floating body effect." The floating body 
effect is suffered by partially depleted SOI devices. The floating body effect occurs where the 
relatively slow charging of an undepleted (and hence electrically conductive) region of the 
FET body can be electrically charged to various voltages, depending on its most recent 
history of use. This floating body effect leads to a less reproducible behavior of the device 
and thus requires larger changes in stored charge in the floating gate to enable 
unambiguous detection of the charge state of the non-volatile storage device. 

[0029] An additional step to remove any oxide or defect that might still remain on the fin may 
be carried out. This step may be a sacrificial oxidation. A sacrificial oxidation step may 
include growing a thin layer of silicon dioxide on the vertical sides 103 of Fin body 100. 

[0030] In one embodiment, Fin stack 1 05, which is comprised of oxide shape 1 02 on fin body 
100, may then be doped as needed. Typically, this may include an ion implantation of boron 
to dope silicon layer or fin body 1 00 to form N-type MOSFETs. However, P-type FETs may be 
desirable. In addition, if the gates are made of other materials such as metals, arsenic or 
phosphorus may be used to dope silicon layer or fin body 100. In addition, in the CMOS 
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technology of the present invention, P-well structures and N-well structures may be formed 
to allow the integration of NFETs and PFETs in a common substrate. P, As and Sb, for 
example, are well suited for PFETs. B, In and Ca, for example, are well suited for NFETs. Fin 
body 1 00 may be doped to a concentration between 1 x 1 0 1 7 cm " 3 to 5 x 1 0 1 8 cm " 3 for 
example. In one embodiment, ion implantation may comprise an angled implant into 
exposed opposing vertical sidewal.s 1 03 of semiconductor layer 1 00, and would serve to 
properly dope the fins. Alternatively, this implantation step may occur later in the fabrication 
process as described in Step 8 of FIG. 1 . Or, some doping or implantation may occur at this 
point in the fabrication process and some doping or implantation may occur again later in 
the fabrication process as described in Step 8 of FIG. 1 . This implantation may be followed 
by an etch of the sacrificial oxide layer. This etch step may employ a dilute hydrofluoric ac.d 
strip of that silicon dioxide layer to remove any silicon dioxide from the vertical side of Fin 
body 100. 

[0031 ] in step 3 of FIG. 1 , a gate insulator or gate dielectric layer or gate insulator layer 1 1 0 is 
formed on the fin body sidewal. or the vertical sides 1 03 of Fin body 1 00. FIG. 5 illustrates 
the device after the formation of a gate insulator layer 1 1 0 or gate stack along vertical s.des 
1 03 of Fin body 105. Gate insulator layers 1 1 0 may be formed by thermal oxidation, 
typically at 750-800 'C, or alternatively, may be formed by depositing a dielectric film. For 
the exemplary purposes of this disclosure, gate insulator layers 1 1 0 may be deposited in an 
application of SiO 2 , a nitrided oxide material, a high-K dielectric material, or combinat.ons 
thereof, as known in the art. This film may be applied by other means well known to those 
of ordinary skill in the art. The gate dielectric layer 1 1 0 may be formed on both vertical sides 
even if only a single floating gate is desired, and this gate dielectric layer 1 1 0 could be 
useful as an etch-stop in later steps. Alternatively, the insulator may consist of a stack of 
insulators such as Si 3 N4 with HfO 2 . or other similar materials. 

[0032] in step 4 of FIG. 1 , polysi.icon is deposited and patterned to form a floating gate 1 1 5. If 
a single floating gate 1 1 5 is desired, polysilicon or other conductive material can be 
deposited on one side of Fin stack 1 05. If a double floating gate 1 1 5 is desired, polysihcon 
can be deposited on both sides of Fin stack 105, as illustrated in FIG. 6. Floating gate 1 1 5 
may be applied by means of conformal deposition of polysilicon followed by a direct.onal 
etch. This technique is also used to create spacers. This technique can be termed "spacer 
etching" floating gate polysilicon to form a spacer floating gate. In this context, this 
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technique results in a layer of polysilicon material on the vertical surface or surfaces 103 of 
Fin stack 105, but removes polysilicon material from the horizontal surfaces, including the 
horizontal surface 1 21 of Box 99. Floating gate 1 1 5 as illustrated in F.C. 6 resemb.es and 
may be described as a spacer. Alternatively, floating gate 1 1 5 may be defined by 
lithography, as is well known in the art. 
[0033] Step 5 of FIG. 1 is the formation of isolation 1 1 6 on the exterior side of floating gate 
1 1 5 This isolation may be formed by the thermal oxidation, typically at 750-800 X, or 
a.ternative«y, may be formed by depositing a dielectric film. This film may be applied by any 
means well known to those of ordinary skill in the art. Or, the isolation may be formed by a 
combination of SiO 2 and Si3N4, for example. FIG. 7 illustrates isolation 1 1 6 formed on 

floating gate 1 1 5. 

[00341 Step 6 of FIG. 1 is the deposition of control gate 1 20 material on the floating gate 

isolation 1 1 6. This step is illustrated In FIG. 8. The control gate 1 20 may be polysilicon and 
may be a global gate, connecting multiple devices across the semiconductor -chip." Control 
gate material 1 20. as illustrated in FIG. 8, may be applied as a blanket polysilicon layer over 
the entire Fin region. Unwanted control gate material may then be removed by a selects 
etch step, by lithography or otherwise, to form the desired control gate structure 120. FIG. 9 
is a cross-sectional view of the semiconductor device of FIG. 8, taken at line 0-9 illustrating 
control gate 1 20 overlying floating gate isolation 11 6 floating gate 1 1 5, gate oxide 1 10 and 
fin body 100. 

[00351 FIG 1 0 is a perspective view of the device after step 6 of FIG. 1. FIG. 10 illustrates 

control gate 1 20 overlying floating gate isolation U 6 and oxide shape 1 02. Below floating 
gate isolation 1 16 is floating gate 115, gate oxide 1 10 and fin body 100. These structures 
rest on BOX 99. 

[0036] Step 7 of FIG. 1 is the removal of a portion of the floating gate 1 1 5 material to expose 
source and drain regions of fin body 1 00. Step 7 can be accomplished by a selective etch 
process or by any means well known In the art. FIG. 11 Is a perspective view of the device 
after the removal of a portion of the floating gate material. As Illustrated In FIG. 1 1 . control 
gate 1 20 overlies floating gate isolation 1 1 6 and oxide shape 1 02. Below floating gate 
isolation 1 1 6 is floating gate 1 1 5. In FIG. 1 1 . Outside the plane of control gate 1 20. floaring 
gate isolation 1 1 6. floating gate 1 1 5 and gate oxide 1 1 0 have been removed to expose 
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vertical sides of fin stack 105. 

[0037] As illustrated in FIG. 1 1 , after the selective removal of portions of floating gate to 

expose source/drain regions of fin body 1 00, floating gate 1 1 5 is present within control 
gate 1 20. Floating gate 1 1 5 is isolated from control gate 1 20 by floating gate isolation 1 1 6 
and oxide shape 1 02. Floating gate 1 1 5 is isolated from the substrate by the BOX 99, and 
insulated from the silicon which comprises fin body 100 by floating gate insulator layer 110. 
Therefore, floating gate 1 1 5 is electrically isolated from the surrounding structure of the 
semiconductor device. This electrical isolation defines the floating gate 1 1 5. Therefore, once 
floating gate 1 1 5 is charged, by Fowler-Nordheim tunneling or by hot-electron 
programming or by any other means, because there is no electrical connection between 
floating gate 1 1 5 and other devices and structures, the charge remains in the floating gate, 
making the FinFET device non-volatile. Floating gate 1 1 5 or spacer 1 1 5 may act as a 
capacitor buried in the device. 

[0038] Step 8 of FIG. 1 is the formation of source/drain implants into exposed regions of Fin 
stack 1 05. Turning now to FIG. 1 1 , vertical sides 1 03 of Fin stack 1 05 can be implanted to 
form source/drain regions. Typically, this may include an ion implantation of fin body 1 00 of 
Fin stack 105 to form P-well structures and/or N-well structures. In the CMOS technology of 
the present invention, P-well structures and N-well structures may both be formed to allow 
the integration of NFETs and PFETs in a common substrate. P, As and Sb, for example, are 
well suited for PFETs. B, In and Ga, for example, are well suited for NFETs. Ion implantation 
is typically done to achieve a doping concentration between 1 x 1 0 1 7 cm " to 5 x 1 0 
cm ~ 3 for example. In one embodiment, ion implantation may comprise an angled implant 
into exposed opposing vertical sidewalls 103 of semiconductor layer 100, and would serve 
to properly dope the fins. 

[0039] Step 9 of FIG. 1 illustrates that isolation can also be formed on vertical sides 1 03 of Fin 
body 1 00. Fin stack 1 05 may be a long line which extends across the semiconductor "chip." 
Steps 8 and 9 are intended to illustrate steps that may be employed to form FETs on vertical 
sides 1 03 of fin body 1 00 to form FinFETs. Those of ordinary skill in the art will recognize 
that alternative methods may be employed to form FinFETs. For example, as discussed 
above, source/drain implants may occur earlier in the fabrication process, at Step 2 of FIG. 
1 , when fin body 1 00 is initially formed. Or, gate insulator layer 1 1 0 formed at Step 3 of FIG. 
1 may remain throughout the process (i.e., may not be removed in Step 7 of FIG. 1 ) to form 
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the gate insulator layer for the FinFETs. 
[0040] After the implantation of source/drain regions in vertical sides 1 03 of semiconductor 
layer or fin body 1 00 of fin stack 1 05 and the formation of isolation on top of the 
source/drain regions, source/drain regions are surrounded by insulation on four sides: on 
the bottom by the BOX 99, on the top by the oxide shape 1 02 and on two vertical surfaces 
103 by insulator layer (not shown). Therefore, source/drain regions are insulated on four 
sides. 

[0041] Alternatively, source/drain regions can be isolated on three sides. For example, if a non- 
SOI wafer comprising only wafer 90 (i.e., a chip) is used, source/drain regions will be 
surrounded by insulation on the top by oxide shape 102 and on two outside vertical 
surfaces 103 by an insulator layer. In this case, the source/drain regions are isolated on the 
bottom surface by a P-N junction to a well. In this case, the source/drain regions are 
surrounded by insulation on three sides. 

[0042] Providing insulation between the source/drain regions and the substrate (i.e. providing a 
SOI layer) may create a lower capacitance to the silicon substrate because the dielectric 
constant of silicon is higher than most dielectrics. In some applications, this lower 
capacitance, resulting from the presence of insulator on four sides of the source/drain 
regions may be beneficial. On the other hand, in some applications, the absence of insulator 
between the source/drain regions and the silicon substrate, resulting from the presence of 
insulator on three sides (instead of four sides) of the source/drain regions may be desirable. 

[0043] Those of ordinary skill in the art will also recognize that the fabrication method outlined 
in FIG. 1 is not the only method for fabricating such a NVRAM FinFET structure. For example, 
a damascene gate or a replacement gate process may be employed. For this kind of process, 
a beginning point" might be a fin stack 1 05 or a semiconductor layer or fin body 1 00 as 
illustrated in FIG. 1 1 . Instead of building fin gate oxide 1 1 0, floating gate 1 1 6 and floating 
gate isolation 1 1 6, a block of silicon dioxide could be formed over Fin stack 1 05, in the 
dimensions represented by the control gate 1 20 in FIG. 1 1 . Therefore, instead of the control 
gate as illustrated in FIG. 1 1 , and underlying structures (including the floating gate isolation 
1 1 5 floating gate 1 1 5, and gate oxide 1 1 0) a block of silicon dioxide could be present. 
Next, the rest of the structure illustrated in FIG. 1 1 may be filled with silicon nitride level 
with the silicon dioxide structure. The silicon dioxide structure could then be etched away, 
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creating a hole where the silicon dioxide structure was. Inside the hole would be the fin 
stack 1 05. From this structure, the same sequence of fabrication steps as outlined in FIG. 1 , 
steps 3 - 9 could be employed. The Fin could be implanted, a sacrificial oxide could be 
formed, the oxide could be stripped, a gate oxide could be formed and floating gate 
polysilicon could be formed, floating gate isolation could be formed and control gate 
material could be deposited on the floating gate isolation to form the control gate. After 
these steps, the silicon nitride could be removed and the exposed fin structures implanted 
and isolated to form FinFET structures. 

[0044] FIG. 1 2 is a cross-sectional view taken at line 1 2-1 2 of FIG. 11 . As illustrated in FIG. 1 2, 
exposed Fin stack 1 05 has four vertical sides, 1 03a, 1 03b, 1 03c and 1 03d. A FinFET is 
formed by implanting a source and a drain region about control gate 1 20. For example, 
vertical side 103a could be a source and vertical side 103b could be a drain. Control gate 
1 20 controls the movement of charge between the source and the drain through a channel 
which is fin body 1 00. Fin body 1 00 channel may be fully depleted. Floating gate 1 1 5 exists 
adjacent to the FinFET structure to provide NVRAM function. Floating gate 1 1 5 is isolated 
from the FinFET structure by the gate oxide 110, the floating gate isolation 1 16 and the 
oxide shape 1 02 or hard mask on top of the fin body or semiconductor layer 1 00 (not 
shown). 

[0045] FIG. 1 3 is a schematic representation of a double gate FinFET with double floating gates. 
A double gate FinFET is illustrated in FIG. 1 3. To form a double gate FinFET, both sides of 
Fin stack 105 are implanted to form source/drain regions 103. As illustrated in FIG. 1 3, 
vertical sides 1 03a and 1 03b may be implanted to form source/drain regions 1 30 and 
vertical sides 1 03c and 1 03d may be implanted to form source/drain regions 1 30. Each 

implanted vertical face, 103a/ 103b and 103c/ 103d, together with the control gate 120 and 
the channel 1 00 form a transistor or a FinFET. As illustrated in FIG. 1 3, both vertical sides 

103a/ 103b and 130c/ 103d are implanted and form a FinFET. Therefore, FIG. 1 3 illustrates a 

double gate FinFET or a double control gate. Adjacent to each FinFET is a floating gate 1 1 5. 

Therefore, FIG. 1 3 illustrates a double gate FinFET with a double floating gate (see also FIG. 

11). 
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[0046] The architecture of the FinFETs may affect their performance. For example, a thinner fin 
body 1 00 may allow the FinFET to deplete fully when the device is in operation, while a 
thicker fin body may allow the body of the FinFET to retain some charge in operation. After 
the FinFETs are formed adjacent to the control gate which contains the floating gate or 
gates, further processing and fabrication may be employed to complete the device as 
desired. 

[0047] Floating gate 1 1 5 may be a double floating gate 11 5 as shown and described in FIGS. 1 - 
1 3 or may be a single floating gate. In each of these cases, a double-gate control-gate is 
formed around the entire structure. In the case of a single floating gate, floating gate 1 1 5 
may be formed on one side or the other of the fin stack 1 05, but not on both sides, as has 
been illustrated above. Or, it may be desirable to create an electrical connection between 
two floating gates 1 1 5 in a double floating gate device. Such an electrical connection may be 
accomplished by forming conductive material in a layer inside the oxide shape 102, forming 
a metal connection between the two floating gates, or by any other means (See FIG. 8). 

[0048] For example, an electrical connection between the two floating gates could be 

accomplished by the following method. Beginning after Step 4 of FIG. 1 , after the floating 
gate material has been deposited and patterned, the oxide shape 102 or hard mask could be 
selectively etched back to form a recess 200 (See FIG. 6). Then, silicon could be selectively 
grown on regions of exposed silicon including the polysilicon floating gate spacers 1 1 5 and 
above the recessed hardmask 200. This silicon can be selectively grown to a thickness 
adequate to bridge the gap between the two floating gate spacers 1 1 5 above the recessed 
Oxide Shape 1 02 or hard mask. Outdiffusion from floating gate spacers 1 1 5 could be 
sufficient to dope this region of silicon. Alternatively, this selective silicon could be doped 
with arsenic or other dopants. Then, the method could continue as described in Step 5 of 
FIG. 1 , forming floating gate isolation on the floating gate material. Therefore, the floating 
gate spacers 1 1 5 would have an intergate bridge comprised of doped silicon between them, 
over a recessed Oxide Shape 102 or hard mask shape. This whole structure could then be 
covered by dielectric films as in Step 5 of FIG. 1 , the control gate material could be 
deposited as in Step 6 of FIG. 1 , the control gate material (Step 7) and portions of the 
floating gate material could be selectively removed to expose source and drain regions of 
the fin (Step 8), the source/drain regions could be doped (Step 9) and isolation could be 
formed on the fin (Step 10). 
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l00491 The FinFETs described herein are transistors which allow for hori.on.a current flow. 

Therefore, ,He FinFETs described herein deflne char 9 e which „ows paraiiei Co ,he surf « o, 
,he waFer. Whiie we have described FinFET NVRAM in .he con.ex, oF memory such as FLASH. 
EEPROM, EPROM and the Mke. FinFETs w„h floating ga.es may provide logic functions. Log, 
Functions might include periphera, support iogic Functions. For exampie, an embodiment 
,he invention may provide row decoders, coiumn decoders, word iine drivers, sense 
amplifiers or bit line drivers. 
[0 OSO, The embodiments and examples set Forth herein were presented in order to best explain 
the present invention and its practica, appiication and to thereby enabia .hose oF ordinary 

r ecognize that the foregoing description and examples have been presented for .he 
purp „ses of ,l,us.ra.ion and example only. For example. The description as 
intended to be exhaustive or ,0 „ml. .he inven.ion to the precise form disclosed. Many 
modifications and variations are possible in light o, the teachings above without departing 
From the spirit and scope of the forthcoming claims. Accordingly, unless otherwise 
specified, any components of the present invention indicated in the drawings or here.n 
g ,ven as an example o, possible components and not as a limitation. Similarly, unless 

limitations. 
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